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Abstract 
Spatial vulnerability assessments are frequently used methods to facilitate the preparation of emergency plans. Most assessments 
consider vulnerabilities from a static point of view. However, some emergencies like power outages require dynamic pre-
planning and response. Dynamic approaches are requested since consequences of power outages depend mainly on the duration, 
the day time, and coping capacities that are available in affected facilities. The key message of this paper is a reflection on how 
and which dynamic aspects should be integrated in indicator-based vulnerability assessments.  
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of HumTech2014. 
Keywords: Dynamic-spatial vulnerability assessment; emergency planning; decision support; power outages 
1. Introduction 
Long-lasting and widespread power outages are major emergencies and may cause a high number of affected 
people, extensive damage, and disruptions of community continuity. Planning for the emergency of power outages 
should enable local authorities, emergency services, and potentially affected stakeholders to deal with the adverse 
consequences for the general public and to prepare for the key challenge: the lack of resources. Hence, emergency 
planning has to consider the potential impact of power outages and to focus on the reaction to reduce, control or 
mitigate the effects of a power outage.  
Frequently, spatial vulnerability assessments are used to provide assistance in understanding the consequences of 
emergencies and to identify weaknesses of emergency plans [1]. In the context of emergency planning for power 
outages, vulnerability is understood to be the inherent way of a region to suffer from adverse effects under the 
 
 
* Corresponding author. Tel.: +49 721 608-24694 ; fax: +49 721 608-25508 . 
E-mail address: thomas.muenzberg@kit.edu 
  Els vier Ltd. This i  an open access article under the CC BY-NC-ND license 
(http://cre tivecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Organizing Committee of HumTech2014 
79 Thomas Münzberg et al. /  Procedia Engineering  78 ( 2014 )  78 – 87 
impact of lacking electricity supply (adapted from the review of vulnerability definitions by [2]). Many vulnerability 
assessments analyze vulnerability only from a static point of view or consider long-term changes of vulnerability 
over decades in the past or in the future. However, the questions how a system may anticipate these long-term 
changes and how this can be displayed in time-dependent vulnerability analyses are gaining importance. Examples 
range from the adaptation to climate change (e.g. [3, 4]) and rising sea level (e.g. [5]) to flood risk management (e.g. 
[6]). These kinds of vulnerability assessments consider long-term developments and aim at improving disaster risk 
reduction for changing or future hazards (e.g. changing magnitude or frequency of a hazard). In a long-term 
perspective, this implies the need to periodically update emergency plans.  
In contrast to this, we focus on the dynamics after a power outage has happened. Power outages are limited in 
time and last for hours or days. In this situation, the consequences for the general public are progressive and depend 
on the duration of the event. To assess the vulnerability of regions that are affected by a power outage, smaller 
observation periods have to be analyzed and the hazard situation evolving after the occurrence of a power outage has 
to be considered. 
To the best of our knowledge, there is no such dynamic vulnerability assessment model that additionally allows 
for a simulation of power outages and for an evaluation of (counter-)measures. In a first, but important step it is 
necessary to identify the dynamic considerations relevant to emergency planning in the context of power outages. 
Focusing on this operationally orientated perspective, the question arises how these dynamic aspects can be included 
in vulnerability assessment models. For this purpose, options to introduce dynamic approaches into indicator-based 
vulnerability assessments need to be investigated and reviewed.  
To present our ideas about how to introduce dynamic aspects into emergency planning for power outages and to 
provide an overview of how to integrate such an approach into indicator-based vulnerability assessments, we 
structured this paper as follows: In the first section we introduce the operationally relevant challenges of emergency 
planning for power outages. We investigate the measures and analyze the dynamic effects of power outages, which 
may be taken into account in emergency planning.  
In the second section we review six options to dynamically extend indictor-based vulnerability assessments. 
Hence, we provide a scientific overview of how dynamic aspects can be considered in vulnerability assessment 
models. This exchange of ideas will stimulate the debate on dynamic vulnerability assessments as well as ensure the 
application orientation of our upcoming research. 
2. Emergency planning for power outages 
To embed our research into dynamic-spatial vulnerability assessments in the operational context of emergency 
planning, we reviewed and analyzed management strategies for reducing, controlling or mitigating the effects of a 
power outage. As the crisis operation management system may vary in many details [7], we focused on Germany as 
a showcase. We performed literature reviews and analyzed operational and normative standards in Germany. Due to 
the complex context, we additionally interviewed several German practitioners (fire brigade and police officers, 
utilities) to discuss our observations. Although the German electricity system is very stabile and robust, the 
preparation procedures to manage power outages can be transferred to any other (developed as well as developing) 
country.  
In the following section we summarize our results relating to emergency planning for power outages. In 
particular, we provide an overview of possible measures to manage the consequences of such an event. In addition, 
we analyze important dynamic aspects of power outages, which will improve forward-looking emergency planning.  
2.1. Measures to manage the effects of power outages 
There are a number of measures to respond to a power outage. Below, we distinguish grid-dependent and grid-
independent measures. A brief overview will be provided for both categories.  
Grid-dependent measures are activities that reduce the adverse impacts of power outages by procedures that 
depend on (some) functionalities of the electricity grid. Normally, grid-dependent measures can only be put into 
practice by the grid operators. Typical grid-dependent measures are 
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x Unannounced or unexpected load shedding (for more information see [8,9,10]), 
x Prioritized electricity supply of critical infrastructures (see [11] for the implementation in the United Kingdom), 
and 
x Isolated operations of power grids on distribution grid system level or on electricity feeder level. 
All grid-dependent measures are based on the assumption that some parts of the grid are still working and can be 
controlled by their operators. As power outages often result from infrastructure failures and destructions, grid-
dependent measures might not always be effective. Furthermore, the implementation of some measures is 
challenged by technical investments, legal difficulties, and business problems that lead to country-specific features. 
Grid-independent measures are activities to reduce the adverse impacts of power outages with procedures that are 
independent of the function of the electricity grid. They are often implemented on the facility level and maintained 
by the individual potentially affected actor. Additionally, grid-independent measures are taken by public emergency 
management authorities. In Germany, the local emergency management authorities (LEMAs) can provide mobile 
emergency power units with a power output of 4 to 175 kVA each. However, the number of the units is not 
sufficient to cope with all effects of power outages in a larger area.  
Although numerous facilities are equipped with emergency power systems, it is assumed that these resources are 
inadequate for long-lasting and widespread power outages. LEMAs are not able to respond to such a lack of 
preparedness, because their resources are also limited. Therefore, LEMAs need to define operation priorities to 
concentrate on the (potentially) severest consequences and to ensure an effective resources management. This 
should be strategically prepared and documented. To ensure an effective management, the need for decision support 
in emergency planning for power outages is evident.  
2.2. Planning the response to power outages 
The consequences of power outages have to be handled with maximum efficiency and speed, but often resources 
are limited and necessary information is missing [7]. In addition and similar to many other incidents, emergency 
managers are facing a complex decision environment. Emergency planning should assist emergency managers and 
aims at informing, instructing, and directing every involved actor about which procedures and resources are feasible 
in order to cope with the effects of an emergency [7]. Pre-planning addresses in particular the actions that should be 
taken during an emergency. In this way, emergency planning should enable emergency managers to take rapid 
decisions, solve information problems, and prevent (further) damages and casualties.  
In Germany, the power system operators are in charge of predicting power outages and restoring the system after 
disruptions [9, 10]. Correspondingly, we focus on the procedures to cope with the effects of power outages, which 
are implemented by potentially affected actors and LEMAs. Different measures may be taken as it was discussed in 
the sub-section above. Hence, emergency planning needs to address the following questions: 
x What are the consequences of power outages for the different regions of a district depending on the duration of a 
power outage?  
x How do the available resources (like mobile emergency power units) have to be distributed in a district or city 
under the constraint of commensurability? 
x Is it possible to identify a particular time that may be considered the turning or tipping point at which the overall 
situation or the situation in one region changes dramatically? 
x What reasoning can be made regarding the time-dependent resilience of districts/cities under consideration of the 
available coping capacities? 
Answers to these questions will provide assistance in the selection of measures and will facilitate the 
communication among all involved actors to prepare for as well as to cope with power outages. One key challenge, 
however, is the dynamic implication of power outages that will be discussed in the next sub-section. 
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2.3. Dynamic aspects of power outages with regard to emergency planning 
As the consequences of power outages are progressive and depend on the duration of the individual power 
outage, there are many dynamic aspects that evolve or change the hazardous situation over time.  
Based on the example of one region that is affected by a power outage, Fig. 1 illustrates a possible vulnerability 
development. At the beginning of a power outage, affected actors may be able to resist the effects. This may be 
limited to a certain degree, because a short period might be acceptable and managed through coping capacities. 
However, acceptability and coping capacities are restricted and, hence, limit the resilience. The interdependence of 
critical infrastructures additionally influences the vulnerability dynamically. The functionality of critical 
infrastructures like the health care system or the drinking water supply does not only depend on electricity, but also 
on other critical goods and services. If these productions and services fail, cascading and domino effects are possible 
and increase the vulnerability [12]. 
 
Fig. 1. Development of vulnerability for a region that is affected by a power outage based on [13]. 
Based on Gravely [14], we define the length of time between the first appearance and the peak of a power outage 
as ‘speed to onset’. This period may also be understood to be a period in which the actors in a region can resist the 
effects of a power outage (resistance period) or which characterizes the resilience of a region (resilience period). 
Also based on Gravely [14], we define the ‘duration’ as the length of time over which a power outage persists. The 
time period between the first occurrence of a power outage and the point in time where all effects of a power outage 
are eliminated is called ‘recovery time’.  
 
Fig. 2. Dynamic aspects in emergency planning for power outages.  
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The speed of onset and the duration of a power outage depend on the individual nature of the power outage event, 
the emergency preparations, and the environmental conditions. Hence, every power outage event has its own 
characteristics that require flexible emergency planning considering these dynamic aspects. Fig. 2 displays the 
dynamic aspects with regard to (1) the individual nature of a power outage event, (2) the emergency preparations, 
(3) the interdependencies, and (4) the environmental conditions.  
3. Dynamic-spatial vulnerability assessments for emergency planning 
In the following sections we introduce the basics of indicator-based vulnerability assessments and discuss six 
different methods to consider the dynamic aspects described in chapter 2. This includes ideas for a methodical 
implementation of dynamic-spatial vulnerability assessments as well as needs for further research and gaps to be 
covered by it. While summarizing our literature review, opportunities and limitations of dynamic-spatial 
vulnerability assessments will be outlined.  
3.1. Indicator-based approaches to spatial vulnerability assessments 
Spatial vulnerability assessments are frequently used methods in emergency and disaster management to identify 
weaknesses in preparedness [1] and to analyze the ability to cope with emergencies and disasters. In the common 
understanding, vulnerability characterizes the inherent nature of a system to suffer from adverse effects under the 
impact of a hazard (e.g. see [15, 16, 17]). Often, further adapted vulnerability definitions are used depending on the 
field of application and the purpose of the assessment. In this paper, vulnerability is understood to be a formula of 
exposure E , susceptibility S  and coping capacity C  (adapted to [18, 19]). This concept of vulnerability is related 
to a particular hazard, it is object-oriented, and it is dynamic: 
);;( )()()()( tttt CSEfV    (1) 
Spatial vulnerability assessments aim at comparing the vulnerabilities of different regions regarding a hazard. 
This provides an understanding of spatial weaknesses and strengths. In particular, but not exclusively, spatial 
vulnerability assessments are well-known in climate change adaptation (e.g. [20,21]) and flood protection (e.g. 
[13,22]). Münzberg et al. [8] and Merz [23] developed concepts focusing on CI disruptions.  
Prevalent indicator-based approaches are used to assess spatial vulnerabilities [2, 24]. Indicator-based approaches 
calculate the vulnerability value for a region )(rV  by using the weighted sum of indicator weights iw  and the 
indicator value function )(xfi :  
)()( xfwV iir ¦   (2) 
The values of an indicator have different scores and need to be normalized on a common scale. Linear 
normalizations are often used so that values range between 0 and 1. Normalization methods will be discussed further 
in the following sub-section. 
Before we start to review methodical options to introduce dynamics into the vulnerability calculation, it is 
necessary to determine what kind of indicators and what kind of weights might be used for vulnerability assessment 
of power outages.  
3.2. A simplified basic concept for assessing the vulnerability to power outages 
Although the basic concept of indicators and weights is of fundamental importance in assessing vulnerability, it is 
not the key issue of this paper. We use a concept that is as simple as possible and fulfills all requirements to review 
the options for a dynamic extension of the weighted sum calculation for vulnerability assessment in the next sub-
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sections. To assess the vulnerability to power outages, we use the static approach of equation 2 and adapt it to the 
context of power outage impacts. For this purpose, some indicators and weights have to be assumed.  
Indicators represent sources of vulnerability. In the context of power outages, vulnerability depends on the 
affected actors. In the context of emergency and disaster management, not all actors or institutions have the same 
degree of relevance. Some are identified as critical infrastructures (CIs). CIs like drinking water supply or health 
care services are defined as essential facilities or organizations. The disruptions of CIs may have severe impacts on 
social stability and well-being. We use indicators that describe the different kinds of CIs (e.g. number of hospital 
beds, number of petrol stations, and number of pharmacies). Furthermore, not every CI has the same criticality or 
importance. This relative importance is expressed by indicator weights.  
This simplified vulnerability concept allows to compare regions affected by a power outage taking into account 
the location of CIs and the CIs’ criticality. In this simplified way it is possible to statically rate and rank regions as 
regards their vulnerability to power outages. This simplified concept, however, does not consider any dynamics or 
coping capacities available to the CIs or LEMAs. To this end, we review several options for the dynamic extension 
of this simplified concept in the next sub-sections. 
3.3. Six dynamic extensions of indicator-based, spatial vulnerability assessments 
Dynamic aspects can be integrated into indicator-based vulnerability assessments in different ways. To 
dynamically extend the basic calculation of weighted sums, we identified six options to be the most relevant to our 
purposes. In the following sections, we introduce these options and briefly discuss their potential application to 
dynamic-spatial vulnerability assessments for power outage events. Although indicator-based vulnerability 
assessments are very similar to multi-criteria evaluations, we also include in our review existing approaches that 
consider different dynamic aspects (namely, dynamic multi-criteria decision-making and evaluation). 
3.3.1. Dynamic aspects in the normalization of indicator values 
Normalization of indicator values is usually required, because the indicators are often of different dimensions. By 
normalizing indicators, it is possible to harmonize and standardize values with different scales and dimensions. 
Conveniently, linear normalizations are often implemented. In linear normalizations, an indicator value is divided by 
the maximum indicator value. Hence, the maximum normalized indicator value is 1. Also non-linear normalization 
methods are possible, which normalize the indicator values between 0 and 1. For more information, see for example 
Bertsch [25] and Zavadskas, Zakarevicius, and Antucheviciene [26] who discuss some developments relating to 
linear and non-linear normalizations for multi-criteria decision-making. They also point out that the normalization 
method may influence the results of the assessment. 
This is in line with our idea of the dynamic extension of the normalization method. However, this implies the 
question of what indicator value should be taken as a normalization reference. If linear normalization is used, for 
instance, the reference value can be the maximum indicator value in the time step under consideration or the overall 
maximum indicator value considering all time steps. As a consequence, the assessment is very much timestep-
related when the maximum indicator value in each time step is taken as a reference value. This may lead to a loss of 
understanding of how vulnerability develops over multiple time steps. From the literature review, we can conclude 
that the effects of dynamic normalization are not well understood both in the multi-criteria approach as well as in the 
vulnerability assessment approach.  
3.3.2. Dynamic aspects of indicator weighting  
In our simplified basic concept, indicator weights express the relative importance of a CI. The relative 
importance of an indicator may change over time, e.g. the relevance of petrol stations may increase with the duration 
of a power outage, because patrol is needed for emergency power systems, in particular in an advanced stage of the 
response. The changed degree of relevance may be considered by dynamic indicator weights.  
To consider the dynamics through indicator weighting, it is mandatory to define a method for determining the 
indicator weights and to extend this method such that it allows for dynamic changes of weights. The literature 
review showed that little work has been carried out so far with respect to vulnerability assessment. For multi-criteria 
84   Thomas Münzberg et al. /  Procedia Engineering  78 ( 2014 )  78 – 87 
analysis, however, various weighting methods are known to determine relative importance. Other methods consider 
dynamic weighting. Both will be briefly introduced below. 
There are some publications covering dynamic weighting in multi-criteria analysis, which might be applicable to 
vulnerability assessments. Tiago, Ribeiro, and Pais [27], Khanmohammadi, Ribeiro, and Jassbi [28], and Kornbluth 
[29] dealt with dynamic changes and time dependence in criteria importance. Referring to the analytical hierarchical 
processes, dynamic priorities were discussed by Saaty [30]. Benítez, Delgado-Galván, Izquierdo, and Pérez-García 
[31] focused on preference at one or at multiple times. These contributions may be also applied to dynamically 
extend vulnerability assessment. 
3.3.3. Time-dependent spatial propagation of power outages 
Depending on the character of a power outage event, it is possible that only parts of a district/city are affected. 
Furthermore, the power outage may rotate among different parts several times, which may lead to spatial 
propagation of power outage impacts. In particular, this is the case for failures in single electricity utilities or during 
load shedding procedures. In assessing the vulnerability, the non-affected part may be excluded to consider the 
relative vulnerability of the affected parts only. Another approach may be to assess the development of the overall 
vulnerability of a district/city, if a power outage rotates among different parts of an area. Depending on the 
vulnerability of the individual part of a district/city, the overall vulnerability of the district/city may decrease or 
increase. 
Normally, spatial vulnerability models only assess the vulnerability for the same area. There is no vulnerability 
assessment approach known to us that considers substitution of area parts over time. Referring to dynamic multi-
criteria decision-making, Campanella and Ribeiro [32] discuss changing alternatives. An alternative in multi-criteria 
decision-making concerns a particular part of a district/city in a vulnerability assessment. The ideas of Campanella 
and Ribeiro may be transferred to address time-dependent spatial propagation of power outages. 
3.3.4. Dynamic factors to express coping capacity 
As discussed in chapter 2, some CIs may have coping capacities. Additionally, LEMAs have limited resources to 
manage the effects of power outages. To consider coping capacities in dynamic-spatial vulnerability assessments, it 
is possible to integrate a dynamic factor into the vulnerability calculation, which expresses the potential 
implementation of coping capacities for each CI.  
The factor for an individual CI might change over time. For instance, an emergency power unit available at a CI 
has a limited amount of fuel only. This could be modeled by a coping capacity factor that increases the vulnerability 
with time according to the fuel consumption. At the beginning of a power outage, the factor is 0 and expresses that 
no vulnerability exists because of the effectiveness of the implemented coping capacities. At the time when the fuel 
is exhausted, the factor switches to 1 and expresses full vulnerability. 
By using a dynamic factor, different coping strategies can be simulated and the impact of countermeasures can be 
tested. Besides analyzing the impact of the CI’s specific coping capacities, it is also possible to consider the effect of 
implementing public resources that are allocated by a LEMA. The effects of included dynamic factors on the results 
of vulnerability assessments are not discussed well in literature.  
3.3.5. Dynamic indicator values and changeable indicators at different times 
Depending on the selection and type of indicators, the indicator value may change over time. For instance, the 
vulnerability of an outpatient dialysis center or ambulant health care center depends on the time of day at which the 
event occurs. Typically, no patients are treated at night. Hence, the vulnerability of an outpatient dialysis center or 
an ambulant health care center at night is close to zero. In this case, vulnerability depends on business hours.  
Only few dynamic vulnerability assessments use dynamic indicator values based on empirical or historical data. 
Debnath [33], for example, worked on temporal-spatial vulnerability assessments of earthquake risks. Two time 
periods were considered: working hours and non-working hours. The two time periods imply different numbers of 
vulnerable population taken into account in the vulnerability assessment. Furthermore, Albuquerque, Sanz, Oliveira, 
Martínez-Alegría, and Antunes [34] use historical data to assess the vulnerability to groundwater contamination. 
Using historical data from four different years, vulnerability development was determined corresponding to the 
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evolution of land in the considered time period. Another example of the usage of historical data is given by Chen 
and Chen [35] in the context of flood vulnerability.  
Changing input data for indicator values are also known in multi-criteria analysis. Tiago, Ribeiro, and Pais [27], 
for instance, discussed dynamically changing input data. Another similar way to model this aspect could be time-
dependent inclusion or exclusion of indicators. Chen, Li, and He [36] discussed such an approach to multi-criteria 
analysis using multiple time series data. 
In the dynamic vulnerability assessment of power outages, changeable indicators from empirical or historical data 
could be used to consider different exposures depending on the starting time or the season of a power outage. 
3.3.6. Model combinations and hybrid modeling  
Very similar to the usage of changing indicator values is the usage of reference scenario values that are, for 
instance, generated by another model. This can be realized by simply using the results of another model (model 
combination) or by an interactive connection between two (or multiple) models (hybrid modeling).  
Model combinations can be found mainly in the context of climate change where, for instance, reference 
scenarios are used and combined with vulnerability assessments. As an example, Aubrecht, Steinnocher, Köstl, 
Züger, and Loibl [37] assessed social vulnerability variation by considering health-related climate change 
parameters in a climate change model.  
Hybrid models based on the interaction of two models are mainly used to consider the dynamic behavior of a 
system. Dynamic system modeling approaches that might be combined with vulnerability models are, for instance, 
System Dynamic models (for example, see [38] and [39] for vulnerability to floods and climate change and [40] for 
dynamic vulnerability assessment of regional water resources) and Agent Based Models (see e.g. [41]). 
4. Discussion 
In emergency planning, different dynamic aspects of power outages need to be considered. Dynamic-spatial 
vulnerability assessments should assist emergency managers in the planning by providing them with a much richer 
picture of the dynamic behavior of power outages. As these dynamic assessments are still not state of the art, several 
options have been discussed. Some of the options proposed are well-known from research into adaptation analyses 
and multi-criteria evaluations. Other methods, such as dynamic normalization and the inclusion of an additional 
dynamic factor have hardly been discussed in literature so far and require further research. Additionally, dynamic-
spatial vulnerability assessments need to be tailored to the specific purpose in emergency planning. However, the 
technical realization of these options is limited mainly by the availability and quality of regional data. In this paper, 
we used a simplified concept of indicators and weights. Normally, a well-developed indicator framework is 
necessary and their values have to be derived from a sound data basis. For some indicator values, statistic data 
sources may be used, but this alone is not always sufficient. Some information can only be provided by the involved 
actors. This applies in particular to sensitive information like the existing coping capacity of a critical infrastructure. 
Therefore, collaboration between LEMAs and the potentially affected actors is mandatory. Grid operators should 
also be integrated in such a collaboration, as some of the measures can only be controlled and implemented by them 
(grid-dependent measures). Furthermore, using multiple data sources also implies problems of data uncertainty. 
Another challenge is the modeling of acceptability. Especially short-term power outages may be acceptable to a 
certain degree. How this degree can be measured and integrated into a dynamic vulnerability assessment still 
remains to be analyzed.  
The validation of a vulnerability assessment is difficult and hard to realize. Fekete [42] discussed different ways 
to validate vulnerability assessments by using statistical methods, empirical data from real events, or validation by 
expert opinions. These methods might be also applicable to dynamic vulnerability assessments. Due to the relatively 
high number of power outages in developing countries, the validation process may profit from the availability of real 
data. In developed countries, however, validation by expert opinions might be more beneficial. 
It should also be stressed that assessing the vulnerability of power outages is an inductive analytical process that 
focuses on the impact, but not on the reasons and causes of power outages. The initial event that led to a power 
outage may cause adverse side effects for an affected region, which also need to be considered. In some cases, a 
power outage only is a secondary disaster that followed a previous (humanitarian) crisis like a tornado, a hurricane 
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or a tsunami. As was discussed before, the results of a dynamic-spatial vulnerability assessment provide better 
insights into how power outages would affect a region over time. This information and dynamic understanding can 
improve the preparation, help in the setup of emergency plans, and allow for a better training for response to power 
outages. In this way, less people may be affected by power outage consequences and associated suffering could be 
alleviated. Finally, crisis communication and staff trainings are also important elements of emergency planning, but 
not considered in this paper. 
5. Conclusion 
The consequences of power outages are progressive and depend strongly on the duration of the event. To ensure 
an effective emergency planning, the dynamics of the power outage need to be understood and taken into account. 
Therefore, we introduced our ideas of a dynamic-spatial assessment of vulnerabilities to assist emergency manager 
in reducing, controlling, and mitigating the effects of a power outage.  
Based on a literature review, we categorized possible measures to manage the effects of the incident. We also 
categorized the dynamic aspects of the consequences that need to be considered in emergency planning. Both the 
reviews of possible measures as well as the dynamic considerations ensure an operationally oriented approach to 
emergency planning. Our research resulted in six methodical options to be considered further in a dynamic 
vulnerability analysis framework. Even if similar approaches are known in the field of adaptation analysis and 
multi-criteria evaluations, the existing knowledge is too sparse for sophisticated modeling.  
However, we are confident that our overview of the dynamic aspects of power outages is of high interest to both 
the practitioners in emergency management and the scientists. The methods discussed here to dynamically extend 
vulnerability assessment may stimulate the debate on this important topic. Our future research will inter alia 
concentrate on the implementation of some of the options proposed, on particular case studies, and on the important 
question of the extent to which these results can be used in emergency preparedness and planning for the event of 
power outages.  
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